INTRODUCTION
Interest in plant essential oils and their components as botanical insecticides is growing due to its advantage over conventional agrochemicals and pesticides of high volatile, no residue, low mammalian toxicity and environmental friendliness 1, 2 . Lots of research have studied essential oils in the defense against pests, and some have been successfully applied 3 5 . Essential oils which have potential insecticidal activity possess several active constituents that work through several modes of action. As a charasteristic constituent of essential oil, monoterpenoids are highly volatile and lipophilic compounds that can rapidly infiltrate insects and produce physiological effects 6 . Relevant studies have shown that monoterpenoids may produce strong insecticidal activity through fumigation, contact killing against stored product insects and repellence 7, 8 .
The red flour beetle Tribolium castaneum Herbst plants. Many plants of the Genus Ajania can be used for folk medicinal purposes, such as detoxification, anti-inflammation, insecticidal and insect repellent effects, etc. 10 .
This is the first time to investigate the chemical composition of A. nitida essential oil and the bioactivity against insects of both A. nitida and A. nematoloba essential oils. It was expected to find new lead materials for developing botanical insecticides or repellents.
MATERIALS and METHODS

Plant material and extraction of essential oil
The fresh leaves of A. nitida and A. nematoloba were collected in September 2016 from Yuzhong county 35 78 34 N, 103 93 79 E, altitude 2200 m and Lanzhou city 35 55 53 N, 102 54 04 E, altitude 2155 m , respectively, which are part of the Gansu Province, China. The species was identified by Dr. Liu, Q.R. who come from Beijing Normal University. The leaves were air-dried and grounded into powder. The powder was weighed and transferred into an appropriative apparatus, and the hydrodistillation was carried out for 6 h. The distillate was extracted with n-hexane and the essential oil was collected. The extra water was removed by adding anhydrous sodium sulphate. The volumes of pure essential oil were recorded and extraction ratio was calculated. The essential oils were stored in airtight containers in refrigerator at 4 .
Insects
Two species of insects were maintaining in the dark cabinet of an incubator at 29 1 and 70-80 relative humidity for the last 2 years before use. Both of them were reared in glass containers 0.5 L containing wheat flour mixed with yeast 10:1, w/w . The unsexed insects used in all of the experiments were 1-2 weeks old adults.
GC-MS analysis of A. nitida and A. nematoloba
essential oils The constituents of A. nitida and A. nematoloba essential oil were analyzed on a GC instrument Agilent 6890N which was equipped with a flame ionization detector FID and coupled to a mass spectrometer Agilent 5973N . Capillary column was HP-5 MS 30m 0.25mm 0.25 μm . The original oven temperature was set at 60 for keeping 1 min and risen at 10 /min to 180 for keeping 1 min, and then risen at 20 /min to 280 for keeping15 min. The injector temperature was maintained at 270 . The samples 1 μL, dilute to 1 with hexane were injected with a split ratio of 1:10. The carrier gas was helium at flow rate of 1.0 mL/min. The retention indices RI were calculated using a homologous series of n-alkanes C5-C36 under the same operating conditions. The constituents were identified by comparing their mass spectra and calculating their retention indices RI values with those in NIST 05 Standard Reference Data, Gaithersburg, MD, USA and Wiley 275 Wiley, New York, NY, USA libraries. Relative percentages of the individual constituents of the essential oil were obtained by averaging the GC-FID peak area reports.
Fumigant toxicity
The fumigation toxicity test was implemented based on the methods described by Liu and Ho 1999 11 . Here, the two essential oils were used as the testing samples and two species of insects were used as targets. Essential oils were dissolved in n-hexane to prepare a serial testing solution with n-hexane solvent as the negative control and MeBr and phosphine as the positive control against T. castaneum and L. serricorne respectively. Five replicates were performed for all treatments and controls. The dead insects were counted after 24h. The data were corrected for control mortality using Abbott s formula. The LC 50 values were calculated by using Probit analysis IBM SPSS V20.0 12 .
Contact toxicity
The contact toxicity test was conducted based on the methods described by Liu and Ho 1999 11 . Here, the two essential oils were used as the testing samples and two species of insects were used as targets. Essential oils were dissolved in n-hexane to prepare a serial testing solution with n-hexane solvent as the negative control and pyrethroid as the positive control. Five replicates were performed for all treatments and controls. The dead insects were counted after 24h. The data were corrected for control mortality using Abbott s formula. The LD 50 values were calculated by using Probit analysis IBM SPSS V20.0 12 .
Repellency tests
The repellent activity test was investigated based on the method described by Zhang et al. 2011 13 . Here, the two essential oils were used as the testing samples and two species of insects were used as targets. Range-finding tests were run to determine the appropriate testing concentrations. Essential oil was dissolved in n-hexane to prepare serials of testing solutions with five concentrations 78.63, 15.73, 3.15, 0.63 and 0.13 nL/cm 2 , and n-hexane was used as the negative control, meanwhile, a commercial repellent, N,N-diethyl-3-methylbenzamide DEET was used as a positive control. All experiments were repeated at least five times. Numbers of the insects present on each strip were counted after 2 h and 4h, respectively. . Among them, β-pinene is found in a variety of plant essential oils, eucalyptol is a characteristic component of the Genus Ajania and verbenol is a common monoterpene of the Genus Verbena.
Fumigant toxicity
The fumigant toxicity of A. nitida and A. nematoloba essential oils against T. castaneum and L. serricorne adults were listed in * RI, retention index as determined on a HP-5MS column using the homologous series of n-alkanes. 19) , ** data from Yang et al. 15) and be got at the same laboratory with author.
spectively. The essential oils of Zingiber zerumbet and Artemisia anethoides showed contact toxicity against L. serricorne adults with LD 50 value of 48.3 μg/adult 20 and 24.03 μg/adult 21 , respectively.
Repellent activity
The repellent activity of A. nitida and A. nematoloba essential oils against T. castaneum and L. serricorne adults were listed in Fig. 1 
CONCLUSION
As the three main components accouted for 52.82 of A. nitida essential oil, camphor, thujone and eucalyptol possesses significant contact or fumigant activity against Means of the same treatment followed by the same letters do not differ significantly p 0.05 using Tukey s tests at 5 probability level. PR was subjected to an arcsine square-root transformation before ANOVA and Tukey s test. 33) , ** data from Yang et al. 15) and be got at the same laboratory with author.
some kinds of insects including T. castaneum and L. serricorne 22 26 . 29 and can elicite symptoms indicative of neurotoxicity. It is known that these monoterpenoids can inhibit acetylcholinesterase in insects which is the only enzyme capable of hydrolyzing acetylcholine in insects and also the key enzyme in nerve conduction 30 . Besides, some possible targets suggested and investigated include γ -aminobutyric acid GABA receptor, octopamine receptor and tyramine receptor. It is most probably there may be more than one possible targets for one single monoterpenoid compound 31 . For example, β-pinene were demonstrated to inhibit the activitiy of AChE and enhance the toxicity on 10th instar of Tenebrio molitor 32 while induce overexpression of histamine-gated chloride channel 2 Hiscl2 , GABAgated ion channel Grd and acetylcholinesterase Ace1 gene in adult T. castaneum insects and be more potent in inducing the insect repellency 28 .
Essential oils extracted from A. nitida and A. potaninii which are two unique plants in Northwest China exhibited insecticidal and repellent antivities against T. castaneum and L. serricorne adults in this reseach. The results indicated that the essential oil of A. nitida had the potential to be developed as natural insecticides for the control of T. castaneum and L. serricorne, while both of the essential oils of A. nitida and A. nematoloba had the potential to be developed as natural repellents for the control of T. castaneum. The results can provide research basis for development of new lead botanical insecticides and repellents.
